Over the past several years, there has been a marked increase in the number of biological macromolecules under development as potential therapeutics by pharmaceutical and biotechnology companies (1) . This interest has been driven by factors such as the biological specificity and tolerability of some of these agents, the clinical and commercial successes of some recently approved biotechnology products, and the perceived high future revenue growth rate for such products. Concomitantly, there has been a marked upsurge in interest in the development and marketing of "generic protein" products, also referred to as "similar biological medicinal products", "biosimilar protein products" or "follow-on protein products" in Europe and the USA. The latter development is highlighted by recent European and US approvals of such recombinant proteins as human growth hormone as a follow-on product, since patent protection for the innovator products had expired.
The preferred bioanalytical method for determination of these macromolecules in biological matrices for support of pharmacokinetic or bioequivalence studies is ligand-binding assay (LBA), typically immunoassay in one of a number of possible formats. Given the importance of these products, realistic validation of LBAs for their analysis in biological matrices is important. Several workshops and publications have addressed the development and validation of bioanalytical methods in general (2-4), and of LBAs for biological macromolecules specifically (5-7). The FDA has also issued a guidance on bioanalytical method validation (8) . Validation of assays for biomarkers, many of which are ligandbinding assays, has also been the subject of recent workshops and publications (9, 10) , which have advanced the notion of "fit-forpurpose" as a consideration in deciding on the extent of validation needed for support of a particular assay application-exploratory studies requiring less assay validation support and definitive, latestage studies needing more extensive validation support.
LBAs are essentially the only current bioanalytical option with sufficient sensitivity for the measurement of biologic macromolecules in such complex matrices as serum or plasma, and considerable energy has gone into defining appropriate experiments for their validation. One of the parameters receiving emphasis in these validation discussions is accuracy. However, caution needs to be exercised in the final interpretation of the accuracy of concentration data for incurred (study) samples for macromolecules, as determined by LBA. While assay accuracy should address the issue of "closeness of the measured value to the true value" and sometimes is referred to as "guaranteeing" this agreement (11) , closeness of measured and true values cannot easily be evaluated or verified for the typical biological macromolecule in a sample from a dosed animal or human. This is because LBAs are typically run without prior separation of the molecule of interest, and the intermediary anabolism or metabolism products, particularly of proteins, are largely unknown. Thus, the interference from cross-reactivity of such products of metabolism with the capture reagent (and also their relative biological activity compared to that of the parent macromolecule) is unknown. In other situations in which the macromolecule elicits an immune response to itself, where soluble receptors for the macromolecule may exist in circulation or where a candidate therapeutic antibody to a soluble antigen may lead to the possibility of "free" and "total" antibody concentrations, difficultto-define interferences with the assay for the macromolecule of interest may also occur, with unknown effects on reported concentrations. Another potential effect on the reported LBA concentrations which may vary greatly between subjects is interference from endogenous components in the sample, such as an endogenous protein that is also given exogenously as a therapeutic, rheumatoid factor, which occurs in some disease populations, or the presence of anti-macromolecule antibodies. Advance knowledge of the presence of such factors, their variability between subjects/patients and their effects on apparent concentrations of the macromolecule is generally not available. However, appropriate screening of pre-dose samples from each individual will help detect the presence of such factors and determine their effects on assay performance, perhaps leading to a more meaningful interpretation of assay results from subjects following administration of the macromolecule. A recent report (12) showed that use of different capture reagents in an assay for rituximab (capture by immobilized target peptide vs. capture by an anti-idiotypic antibody) gave discrepant plasma concentrations and derived pharmacokinetics, again illustrating the inherent difficulty in deriving "true" values from LBA analysis of macromolecules in incurred samples. LC-MS/MS assays and LBAs for small molecules are more fortunate in this regard; in the case of the former, the combination of chromatographic separation and specific fragmentation pattern and, in the latter case, the ability to compare LBA results for study samples with a chromatographic assay as part of the validation exercise increase confidence that the assay reports data specific for the analyte of interest.
While use of calibration standards, validation samples and quality controls permit evaluation of the LBA performance using samples to which the macromolecule of interest has been added in vitro ("spiked" samples), it may not make good sense for analysts to spend extensive time and resource developing assays with better and better accuracy and precision for spiked samples, only to report what may be inherently approximate data for incurred study samples. This potential inaccuracy in LBA data for study samples and the potential sources of such inaccuracy need to be clearly acknowledged during interpretation of study data and derivation of conclusions about calculated pharmacokinetic parameters. In some cases (consistent with the fit-for-purpose approach at a Discovery or early Development stage), this approximation of the study sample concentrations will be acceptable, while in other experiments intended to derive pure pharmacokinetic parameters for a macromolecule, additional work should be done to select assay reagents most likely to reflect values closest to true parent macromolecule concentrations, or to demonstrate correlation of immunoreactivity data (and subsequently calculated pharmacokinetic data) with biological (pharmacodynamic) activity. If a biological activity assay is available, the relationship between LBA concentrations and biological activity should be evaluated; in some cases, considerable divergence between these two parameters has been noted over increasing time since in vivo administration of the macromolecule (13), indicating that LBAmeasured concentrations result from more than just the binding of parent molecule in the assay. Extents of in vivo degradation or metabolism of the macromolecule to mixtures of differentially crossreacting compounds may also vary with route of administration. A thorough evaluation of methods and results should be conducted on a case-by-case basis. Pharmacokinetic data for biological macromolecules should generally be viewed with circumspection.
Given this uncertainty regarding actual concentrations of macromolecules in incurred samples, more emphasis should be placed on the evaluation of incurred samples in LBA applications (14) . Incurred samples should be analyzed on two separate occasions in two separate assay runs, to provide data for assessment, regardless of whether the sample has been analyzed at more than one dilution in the first assay. While acknowledging the current practical limits on our ability to assess specificity and accuracy of LBAs for macromolecules, additional energy should be devoted to evaluation of new approaches that may elucidate or confirm true macromolecule concentrations in study samples, as determined by LBA analyses. Although solutions to this challenge are not readily apparent, applications of advances in automated, high-throughput LBAs coupled with some specificity-enhancing technique, such as prior immunoaffinity or chromatographic separation or subsequent mass spectral characterization, should be pursued more aggressively than they have been to date...
Finally, although the principles of the "fit-for-purpose" approach make excellent logical sense, analysts should realize that, since LBA specificity for the macromolecule of interest can rarely be defined even with the most highly developed and validated version of the assay, the "fitness" of the assay should be honestly assessed in studies intended to provide definitive pharmacokinetic data for the parent macromolecule.
